5,5'-Dihydroxy-2',4'-dimethoxy-7-[(6-O-β-D-apiofuranosyl-β-D-glucopyranosyl)-oxy]isoflavone (1) was isolated as the major constituent of Dalbergia vacciniifolia root bark ethanol extract together with the four known compounds 5,7-dihydroxy-2',4',5'-trimethoxyisoflavone (3), 5,7-dihydroxy-2',4'-dimethoxyisoflavone (4), 5-hydroxy-2',4',7-trimethoxyisoflavone (5) and 7-hydroxy-2',4',5'-trimethoxyisoflavone (6). Identification of compounds was achieved through extensive analysis of 1D and 2D NMR and MS spectroscopy.
Introduction
Dalbergia vacciniifolia Vatke (Fabaceae) is a shrub or small tree of ca. 1.3-10 m tall. The plant species grows in coastal bushland and thicket of Tanzania and Kenya where the decoction of the roots is used as a purgative [1, 2] . In the course of our continuing studies on the chemical constituents of this plant species, a new isoflavone glycoside, 5,5'-dihydroxy-2',4'-dimethoxy-7-[(6-O-β-D-apiofuranosyl-β-D-glucopyranosyl)oxy]isoflavone (1) , from the ethanol extract of the root barks along with other four known compounds 5,7-dihydroxy-2',4',5'-trimethoxyisoflavone (3) [3] [4] [5] , 5,7-dihydroxy-2',4'-dimethoxyisoflavone (4) [3, 6] , 5,7-dihydroxy-2',4',7-trimethoxyisoflavone (5) [7] and 7-hydroxy-2',4',5'-trimethoxyisoflavone (6) [4] (Fig. 1 ) was isolated. Recently, another isoflavone glycoside 2',4',5',6-tetramethoxy-7-[(6-O-β-D-apiofuranosyl-β-D-glucopyranosyl)oxy]-isoflavone (2) was isolated from the stem part of Dalbergia vacciniifolia [8] . This is the second report of the occurrence of apioglucoside isoflavones in D. vacciniifolia. However, other isoflavone apioglucosides such as biochanin [12] have been previously isolated from Dalbergia species.
Results and Discussion
Isolation of compounds from the ethanolic extract of the root barks of Dalbergia vacciniifolia by column chromatography on silica gel eluting with 1:4 v/v methanol and dichloromethane yielded compound 1 as a major constituent in the extract. The compound was isolated as amorphous having absorption maxima at 261 and 342 nm. The ESI-MS showed a fragment peak at m/z 625 due to [ 13 C NMR spectra data for compound 1 exhibit characteristic feature of isoflavone skeleton whose ring B is disubstituted. Identification attempts of the aromatic protons in ring B using HSQC, suggested that they were attached to C-6 (δ H 6.46, δ C 100.5) and C-8 (δ H 6.69, δ C 95.5). Furthermore, the 1 H NMR spectra for these protons showed meta coupling pattern (H-6, d, J=2Hz and H-8, d, J=2Hz). These chemical shifts and coupling patterns are typical for 5,7 di-O-isoflavones [13, 14] , because the 6,7-di-O-isoflavone carbon signals would resonate at ca. δ 104 and 102 for C-5 and C-8, respectively [8, 15] . Presence of the hydroxyl group at C-5 suggests a chelation system with carbonyl group at C-4 (δ, 181.17) due to an intra-molecular hydrogen bonding [8, [13] [14] [15] . The 2D H/C correlation using HMBC showed C-6 and C-8 as having many common neighbors such as carbon signals at δ 162.10 (C-6), 163.46 (C-7), 158.01 (C-9), and 109.81 (C-10). In additional, HMBC showed H-8 as having a strong correlation with anomeric carbon of the glucose moiety (δ C 100.42, δ H 4.98) suggesting that the glycosidic linkage was at C-7. The first hydroxyl group in the structure was deduced to be attached to C-5 of the isoflavone because none of the methoxyl protons showed any correlation with carbon signal at δ 162.10 and δ 163.46 in the HMBC plot.
The rest of the three aromatic singlets in the 1 H NMR spectrum were due to aromatic methine protons at δ 8.13 (H-2, s), 6.82 (H-6', s) and 6.66 (H-3', s) as established both by H/C correlations such as HSQC and HMBC for compound 1. The former proton signal is much deshielded due to α-inductive effect of the oxygen and the mesomeric electron withdrawing effect of the β-carbonyl group characteristic for isoflavones [15] . Assignment of the positions of the protons for structure 1, were unambiguously reached because in the high field region, the 1 H NMR spectra showed aromatic methoxy proton singlets at δ 3.57 (H-4') and 3.70 (H-2'), whose corresponding 13 C NMR signals appeared at δ 57.31 and 56.80, respectively. The HMBC correlation also indicated that these methoxyl groups were attached to C-2' and C-4' at δ 152.74 and δ 141.89, respectively, while the signal at δ 148.47 which did not appear in the plot was attributed to the second hydroxyl group in structure 1. These observations are consistent with other findings which reported the occurrence of isoflavonoids having 2',4',5',7-substitution pattern in Dalbergia species [13, 14] and particularly 2',4'-dimethoxyl substitution in Dalbergia vacciniifolia [8] .
In the sugar region of the 13 C NMR spectrum, nine signals were observed which corresponded to two sugar units, one glucopyranosyl and one apiofuranosyl moiety in which three of these signals (δ 74.03, 68.08 and 64.57) were due to methylene ( Table 1) . The β-configuration of the glycosidic linkage was evident from the 1 H NMR spectrum due to signals at δ 4.98 (J = 7.5 Hz) and the observed 13 C NMR chemical shifts for the anomeric carbons of glucose (δ 100.42, C-1'') and apiose (δ 109.81, C-1''') [10, 11] . The downfield shifts of C-2'' (δ 73.68), C-6'' (64.57) and C-5''' (δ 68.08) of the sugar moieties suggested an interglycosidic linkage for apiofuranosyl (1'''→6'') glucopyranosyl [10] . Complete assignments of the structures by using both 1D and 2D NMR spectra unambiguously established * Samples were run in DMSO (TMS δ = 0).
The aglycone for compound 1 was not isolated in this study, but it has been previously reported to occur in D. parviflora [16] . However, its methyl derivative 5,7-dihydroxy-2',4',5'-trimethoxyisoflavone (3) together with known compounds 5,7-dihydroxy-2',4'-dimethoxyisoflavone (4), 5-hydroxy-2',4',7-trimethoxyisoflavone (5) and 7-hydroxy-2',4',5'-trimethoxyisoflavone (6) were isolated [3] [4] [5] [6] [7] . Isolation of isoflavone apioglucoside from D. vaccinifolia which seems to have been reported from other Dalbergia species provides for a strong chemotaxonomic relationship with great value in plant biochemistry. Tables 1). 
